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Objective(s): The relationship between tramadol, as an antinociceptive drug, and locus coeruleus 
(LC), the main noradrenergic nucleus of the brain that affects regulation and modulation of pain 
through descending noradrenergic pathways was investigated. 

Materials and Methods: Male Sprague-Dawley rats were divided into four groups of 10 rats. The 
rats were fixed in stereotaxic instrument and then a probe was inserted into LC. Pain was 
induced by subcutaneous injection of 50 ^1 of 2.5% formalin 40 minutes after initiation of 
microdialysis in right hind paw, and nociceptive pain scores were calculated every 5 minutes. 
Subsequently noradrenaline [NA] and its metabolite, 3-methoxy-4-hydroxyphenylglycol (MHPG), 
were collected and measured by microdialysis of locus coeruleus in freely moving rats every 15 
minutes during formalin injection. 

Results: Nociceptive pain scores observed in formalin test had the highest nociceptive sensation 
5 minutes after injection. Significant rises in concentrations of NA and MHPG, in samples taken 
between 30 and 45 min after initiation of the locus coeruleus microdialysis, coincided with the 
peak of the pain after injection of formalin. 

Conclusion: According to concurrency of the highest nociceptive sensation and peak of NE and 
MHPG concentrations, tramadol can indirectly affect the LC by blocking the pain signals from 
different parts of the brain such as periaqueductal gray mater, central nucleus of amygdale or the 
spinal cord. 
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Introduction 

Locus coeruleus [LC] or A6 region, in rat brain, is 
a cluster of noradrenalin-containing neurons located 
adjacent to the fourth ventricle in the pontine 
brainstem. LC has the ability of synthesizing 
neuropeptides, and as an important noradrenergic 
nucleus it plays an important role in the regulation of 
pain through descending noradrenergic pain 
regulatory pathways [1]. 

LC is densely innervated by serotonergic 
projections mainly from dorsal raphe [DR] and 
pericoerulear region [2]. Serotonin [5-HT] exerts its 
effects through receptors like 5-HTlA and 5-HT2, 
while 5-HT and noradrenaline [NA] have partly 
opposite effects [3]. The firing rate of noradrenergic 
neurons of LC is regulated by 5-HT. DR nucleus can 
affect LC by activation of 5-HTlA and 5-HT2A 
receptors [3]. LC is the main source of noradrenergic 



neurons in mammalian brain and sends many 
projections into different parts of the brain including 
hypothalamus, thalamic relay nuclei, amygdala, basal 
telencephalon, the cortex, forebrain, brainstem, 
cerebellum and the spinal cord [4]. There are 
sufficient evidence that the LC, with the help of 
excitatory and inhibitory pathways originating from 
nucleus paragigantocellularis and nucleus prepositus 
hypoglossi, have major role in modulation of the pain 
[5]. Fluctuations of some neurotransmitters like 
noradrenaline and its metabolite have major role in 
pain regulatory function of LC [5]. In order for 
estimating the effects of different drugs on pain 
sensation, formalin test can be employed as a 
standard method for inducing acute and chronic 
pain. The two main advantages of this test in 
comparison to other methods include the continuity 
of the test and the possibility to analyze animal 
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behavior while it is freely moving [6]. 

Tramadol, with the chemical name of [±] cis-2- 
[[dimethylamino] methyl] - 1- [3-methoxyphenyl] 
cyclohexanol hydrochloride, is a centrally acting 
synthetic analgesic being widely used in moderate to 
severe pain and is usually marketed as tramadol 
hydrochloride [7]. Tramadol hydrochloride is a 
white, crystalline and odorless powder which is 
readily soluble in water and ethanol and has a pKa of 
9.41 [7]. This drug has many applications including 
treatment of rheumatoid arthritis, diabetic 
neuropathy, restless legs syndrome, post-herpetic 
neuralgia, acute opioid withdrawal and fibromyalgia 
[8]. Tramadol is not in the category of non steroidal 
anti-inflammatory drugs [NSAIDs], thus it does not 
have the threat of stomach ulcers and gastrointernal 
bleeding that may happen with NSAIDs [8]. The exact 
antinociceptive mechanisms of tramadol and its 
effects on NA and 5-HT concentrations in the spinal 
cord are not yet completely understood, but some 
suggested mechanisms are: 

1] Binding and stimulating the n receptors; 

tramadol is a very weak agonist of ^-opioid 

receptors 
2] Serotonin Release 
3] Inhibition of NA and 5-HT reuptake 
4] Antagonizing the NMDA receptor 
5] Antagonizing the [a7]5 nicotinic acetylcholine 

receptor 

6] Ml and M3 muscarinic acetylcholine receptor 
antagonist [9]. 

Tramadol is metabolized to 0-desmethyltramadol, 
with a similar but more potent effect to tramadol [10]. 
The effects of tramadol, however, have not been 
understood. 

Microdialysis is a technique for analysis of low 
molecular weight substances that can be found in 
extracellular fluids. It is a good way of studying the 
pharmacokinetics of drugs and molecules with less 
tissue disturbance [11]. This technique involves the 
stereotactic insertion of a microdialysis probe into a 
selected area of the brain with a physiological solution 
being pumped through the probe. This sampling 
method has a historical background in the field of 
physiology and neuroscience since it is commonly used 
for collection of neurotransmitters [11]. 

The objective of this study was to find the 
relationship between tramadol, an antinociceptive 
drug, and LC, the main noradrenergic nucleus of the 
brain that affects regulation and modulation of pain 
through descending noradrenergic pathways [12]. 

Materials and Methods 

Ethics 

The protocol of this study was approved by Shiraz 
University of Medical Sciences Ethics Committee. 



Animals 

Forty 90-day-old male Sprague-Dawley rats, 
weighing 280-320 g, were divided into four groups 
of 10 rats. The rats were housed in standard 
Plexiglas® boxes with free access to food and water 
under light/dark of 12/12 hr [7 AM to 7 PM] cycles 
at a constant temperature of 21°C [13]. 

Study groups 

The animals were randomly divided into four 
groups of 10 rats: group one [main control or control 
formalin and tramadol test] — the animals were 
injected with normal saline [IP and SC in the right 
hind paw]; group two [control tramadol test] — the 
rats were injected with normal saline [IP] and 
formalin [SC in the right hind paw]; group three 
[control formalin test] — the animals were injected 
with tramadol [IP] and normal saline [SC in the right 
hind paw]; and group four [main test group] — the 
animals were injected with tramadol [IP] and 
formalin [SC in the hind paw]. 

Probe implantation 

To implant the microdialysis probe, rats were 
anesthetized with sodium pentobarbital [50 mg/kg IP] 
and placed in stereotaxic apparatus [Stolting, USA]. A 
hole was made in the skull and a probe was implanted 
into the left LC [A/P: -9.8 mm from the bregma, L/M: 
1.2 mm D/V: -7.1 mm, vertically] [14]. 

After the operation, rats were placed in a single 
Plexiglas® cage [area of 50 cm^] for gaining their 
consciousness. The rats had free access to food and 
water [15]. 

Tramadol preparation and injection 

Pure powder of tablet grade tramadol hydroch- 
loride was purchased from Sun Pharmaceutical 
Industries, India and 2 mg of powder was dissolved 
in 2 ml normal saline. 

Microdialysis 

Microdialysis was started 24 hours after 
insertion of the microdialysis probe. Concentric 
probes of microdialysis [4.2 mm active membrane; 
OD 0.52 mm] [CMA/Microdialysis, Inc., Acton] with 
polycarbonate membrane with a molecular weight 
cut-off value of 20 kd and an exposed membrane 
surface of 0.5x2.0 mm were used. Following 24 
hours of the stereotaxic operation, ACSF [Artificial 
cerebrospinal fluid] was perfused through a 
microdialysis probe with a flow rate of 2 ^l/min. 
Samples were collected in 15 min intervals and 30 ^1 
of the perfused fluid were collected in every tube 
located in a cool micro-fraction collector. 
Microdialysate samples were collected continuously 
and immediately afterwards refrigerated at -80°C for 
analysis [16, 17]. 
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Formalin test graph 
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—♦— Control (Group 2] — ■ — Test (Group 4] 



Figure 1. The nociceptive score in main test group (group 4] and 
control of tramadol (group 2] 

Higher nociceptive scores show more pain and lower nociceptive 
scores represents less pain 

*Significant difference between the test and the control (n=8) 
(/'=0.027] 

0: Animal's injected paw is completely on the floor and can endure 
the animal's weight 

1: Animal's injected paw situates partially on the floor and is 
partially elevated 

2: Animal's injected paw is elevated without any contact with the 
surface 

3: Animal shakes, licks or bites the injected paw (19] 

ACSF preparation 

The composition of ACSF was 125 mM NaCl, 3 mM 
KCl, 0.75 mM MgS04 and 1.2 mM CaClz, pH 7.4 [17]. 

Formalin test 

For induction of pain, 50 ^1 of 2.5% formalin was 
applied [SC] with a 27 G needle to the right hind paw 
of rats. Afterward, each animal's responses were 
monitored with the help of objective behavioral 
criteria, such as early favoring, biting, flinching and 
licking of the hind paw and scored as follows: 

0- Animal's injected paw is completely on the floor 
and can endure the animal's weight. 

1- Animal's injected paw is partially situated on the 
floor and is partially elevated. 

2- Animal's injected paw is elevated without any 
contact with the surface. 

3- Animal shakes, licks or bites the injected paw [19]. 

Verifying the correct probe placement and 
entrance to the LC 

After the end of microdialysis, each rat was 
sacrificed by ether and its brain was fixed for 
histological verification [20]. 

Sample collection 

Microdialysis samples were collected every 15 
min in 1.5 ml Eppendorf tubes. ACSF was pushed by 



a microdialysis pump through tubes at a constant 
rate of 2 ^l/min. After 15 min, 30 ^1 of the perfused 
ACSF was collected in each tube. These specimens 
were frozen on dry-ice and stored in an ultra-low 
temperature freezer at -80°C until HPLC analysis. 

HPLC analysis 

Microdialysis samples were measured by high 
performance liquid chromatography [HPLC] system. 
NA was determined in samples using electrochemical 
HPLC detector [BAS mod. LC-250] and 5-HIAA was 
separated by means of a reverse-phase column [C18, 
BAS Septstik]. The instrument was operated with the 
help of aqueous phosphate buffer solution [0.1 M, pH 
3.2] containing 0.2 mM sodium octyl-sulphate, 0.1 
mM of EDTA and 18% v/v methanol as mobile phase. 
The flow rate was set on 0.2 ml/min. Plotting graphs 
and data analyses were done by Autochro data 
module software. Concentrations of 5-HIAA were 
calculated by interpolating the areas obtained after 
fraction injection with those obtained from 4 known 
standard concentrations being injected regularly to 
the HPLC to monitor the linearity of the system. 
Integration of chromatographic data was performed 
by Perkin-Elmer 1020 software program [21]. 

Data analysis 

Data were examined by SPSS® ver 18.0 for 
Windows®. The Student's t test was used to compare 
means of two groups. One-way analysis of variance 
[ANOVA] was used to compare means of three or 
more groups, and Dunkan multiple range test was 
used as the post hoc test. A P-value <0.05 was 
considered statistically significant [22]. 

Results 

Formalin test 

After the injection of formalin in group 2 [control of 
tramadol], the mean+SEM of nociceptive score in the 
first 5 min was 2.51±0.13. In the second 5 min, it 
reduced to 1.97±0.17 [Figure 1]. The value then 
increased to 2.12±0.09 in the second phase of 
nociception [Figure 1]. In group 4, the mean±SEM of 
pain score in the first 5 min was 2.08±0.16, and for the 
second 5 min, it reduced to 1.32±0.2 [Figure 1]. For the 
third to sixth 5 min, the meantSEM of nociceptive score 
increased to 1.83+0.15 [Figure 1]. Therefore, there was 
a significant differences [P=0.027] in the second 5 min 
between control and group 4 of rats [Figure 1]. On the 
other hand, SC injection of normal saline in the right 
hind paw of rats in groups 1 and 3 did not show any 
changes in animals behaviors [score^O]. 

Microdialysis 
Noradrenaline 

In rats of group two [control of tramadol], the 
baseline mean+SEM for NA before formalin injection 
was 135.36+5.11 picograms per milliliter [pg/ml]. 
Fifteen min after injection of formalin — phase 
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Figure 2. [A] MeaniSEM concentration of noradrenaline [NA] in 
four study groups 

*Significant difference with group 1, 3 and 4. (SC) in hind paw; 
* *: Significant difference with group 1, 2 and 3 
Fraction numbers are according to collection of microdialysis 
samples every 15 min 

Group one (main control or control of formalin and tramadol test]: 
injection of normal saline (IP) and injection of normal saline (SC) 
in right hind paw 

Group two (control of tramadol test): injection of normal saline 

(IP) and injection of formalin (SC) in right hind paw 

Group three (control of formalin test): injection of tramadol (IP) 

and injection of normal saline (SC) in right hind paw 

Group four (main test group test): injection of tramadol (IP) and 

injection of formalin 

one or acute phase of formalin test — it increased to 
581.44±47.98 [pg/ml], and then it reduced 
tol27.26±9.29 [pg/ml] [Figure 2]. The increase in 
NA concentration in the acute phase of formalin test 
was significant [P<0.05] [Figure 2]. In group 4, the 
mean±SEM for concentrations of NA before formalin 
injection was 122.07±5.21 [pg/ml]. Fifteen min after 
injection of formalin, it reached to 223.02±15.92 
[pg/ml], and then it decreased to 164.75±15.56 
[pg/ml] [Figure 2]. In group 3 [control of formalin], 
there was no significant difference between the 
samples; the mean+SEM for concentrations of NA 
was 126.06+ 8.98 [pg/ml]. In group 1 [main control 
or control of formalin and tramadol], the mean+SEM 
for baseUne NA was 139.47±8.85 [pg/ml] [Figure 2]. 

MHPG 

In groups 1 and 3, no significant differences were 
observed between MHPG concentrations in 
microdialysis samples [Figure 3]. The mean+SEM for 
MHPG concentrations in samples of group 3 was 
363.41±22.42 [pg/ml], while in rats of group 1, it 
was 377.56±34.79 [pg/ml] [Figure 3]. In group 2, the 
meaniSEM for baseline MHPG level before formalin 
injection was 413.65+33.29 [pg/ml]. In the third 
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Figure 3. MeaniSEM concentration of 3-methoxy-4- 

hydroxyphenylglycol (MHPG) in four study groups 

*: Significant difference with group 1, 3 and 4 

* *: Significant difference with group 1, 2 and 3 

Fraction numbers are according to collection of microdialysis 

samples every 15 min 

Group one (main control or control of formalin and tramadol test): 
injection of normal saline (IP) and injection of normal saline (SC) 
in right hind paw 

Group two (control of tramadol test): injection of normal saline 

(IP) and injection of formalin (SC) in right hind paw 

Group three (control of formalin test): injection of tramadol (IP) 

and injection of normal saline (SC) in right hind paw 

Group four (main test group test): injection of tramadol (IP) and 

injection of formalin (SC) in hind paw 

sample [third 15 min], there was a sharp increase in 
the concentration of MHPG to 1465.9±137.47 
[pg/ml], and then it decreased to 428.78+17.59 
[pg/ml] [Figure 3]. 

Discussion 

In this study, the significant increase in the 
concentration of NA and MHPG in the third 15-min 
[third sample of microdialysis] was associated with 
the highest nociceptive sensation in rats, in the 
formalin test. In group 2, the increase was about 4 
folds higher in comparison to the baseline; therefore, 
it had a significant difference with other groups. 
Although there was a significant increase in group 4, 
it was not as much as group 2. There was no 
significant difference between the samples in the 
absence of the pain sensation — in groups 1 and 3. 
The pontine noradrenergic areas including A5, A6 
[LC] and A7, are believed to act as an antinociceptive 
inducing component [23]. There are some 
projections from these neurons to the dorsal horn of 
the spinal cord and release NA to suppress passage 
the pain messages [24]. These areas have an 
important role in regulating, modulating and 
suppressing the pain and antinociceptive effects 
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observed after being directly stimulated. Among these 
nuclei, LC, the largest nucleus of noradrenergic neurons 
in the central nervous system, has an important role 
(25]. Local infusion of prazosin as a typical ai- 
adrenoceptor antagonist into LC significantly decreased 
concentrations of extracellular NA in the nucleus. On 
the other hand, az-adrenoceptors in LC play a major 
role in modulating the feedback of LC neurons to 
excitation [26]. 

A wide range of brain functions such as memory, 
stress adaptation emotion and vigilance is related to 
LC nucleus [27]. Different parts of the brain send 
projections into LC, thereby they can affect the 
nucleus. On the other hand, LC has extensive 
noradrenergic fiber connections to forebrain, 
brainstem, cerebellum, hippocampus, thalamus, 
cerebral cortex, periaqueductal gray [PAG] matter, 
nucleus of the solitary tract, nucleus 
paragigantocellularis, nucleus prepositus hypoglossi 
and Harrington's nucleus in the pons [28]. From 
limbic areas including the central nucleus of 
amygdala [CeA], bed nucleus of the stria terminalis 
and the spinal cord, adrenergic projections that 
innervate the LC, are included in this response [29]. 
After sensory stimulations, the adrenergic 
projections inhibit LC nucleus. Inhibition of a- 
adrenoceptors has increased the activity of LC to a 
physiological excitatory stimulus compression of the 
hind paw at amounts pretty well less than those 
necessary to increase their spontaneous activity. 
Therefore, it can exert modulatory effects through 
functionally various brain regions [30]. Any increase 
in the discharge of LC neurons is associated with a 
rise in the amount of extracellular NA in the 
thalamus and cortex [31]. For instance, the 
stimulation of the primary motor cortex is associated 
with the increase in the discharge rate of LC and the 
descending antinociceptive effects [30]. 
Furthermore, after blocking LC or the descending 
noradrenergic pathways by lidocaine or intrathecal 
administration of an az-adrenoceptor antagonist, the 
spinal antinociceptive effect that was induced by 
electric Ml stimulation [with an electrode placed in 
Ml at frequency of 300 Hz] in the groups of 
neuropathic models of rats was reduced [32, 33, 34]. 
LC has an important role in regulation and 
suppression of pain so that after inactivation of LC by 
lidocaine injection, the descending adrenergic 
antinociceptive pathways were significantly blocked 
[31]. The exact antinociceptive mechanism of 
tramadol, a centrally acting synthetic analgesic, is not 
completely known yet, [33] however, some of the 
suggested mechanisms are binding and stimulating 
the \Ji receptors, accumulation of monoamines like 
NA and 5-HT, especially in nerve endings and 
inhibition of their reuptake, and finally its action 
through 5-HT descending pathways [19]. Dubuisson 
and Dennis showed that the presence or absence of 



PAG stimulation can affect the pain intensity [6] 
According to Sanchez-Blazquez, et al, there are opioid 
receptors, such as mu and delta receptors, in 
periaqueductal gray matter. Therefore, stimulation of \y 
receptors by tramadol in this area could suppress the 
pain signals from reaching the LC [31]. The maximum 
pain sensation was 5 minutes after formalin injection 
[Figure 1] which is in line with the increase in 
concentration of NA and MHPG in the third sample. 
Formalin was injected 15 min after beginning of 
microdialysis and took 15 extra min for microdialysis 
liquid to pass through pipe tubes into the Eppendorf 
tubes. The elevation of NA and its metabolite, MHPG, in 
the third sample was associated with the formalin 
injection time. Therefore, it indicates that after the pain 
sensation and stimulation of LC, release of NA with 
stimulation of adrenergic and serotonergic descending 
pathways has an important role in suppressing the pain 
[35]. The significant difference in pain scores between 
group 2 and 4, and its reduction in group 4 shows the 
effect of the drug. There is a decrease in NA and its 
metabolite concentration in LC after administration of 
tramadol. Formalin test has some advantages among 
other pain test models. In this method, pain sensation is 
continuous and includes acute pain [first 5 min] and 
chronic pain [15-20 min] after formalin injection [5]. 
Because the main antinociception effect of tramadol 
through LC is observed in the first phase of the formalin 
test [Figure 1], it is concluded that tramadol has 
significant effect on acute pain. These results are in line 
with other literature data showing that tramadol can 
indirectly affect the LC by blocking the pain signals 
from different parts of the brain such as PAG, CAN and 
the spinal cord [36]. By blocking the reuptake of NA 
and MHPG in nerve terminals, the pain signals cannot 
transfer completely into the CNS. On the other hand 
tramadol as an opioid drug, by stimulating \i receptors 
in these parts of the brain, partially blocks transmission 
of the pain signals to LC. 

Conclusion 

The results of this study demonstrated that 
tramadol may block the pain signals from different 
parts of the brain like PAG, CAN and the spinal cord 
by blocking NA and MHPG reuptake in nerve 
terminals; therefore, the pain signals cannot transfer 
completely into the CNS. Moreover, tramadol as an 
opioid drug, by stimulating \i receptors in various 
parts of the brain in relationship with LC, inhibits the 
pain signals from reaching LC completely. Therefore, 
antinociceptive effects of tramadol can appear by its 
indirect effect on LC. 
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